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Fig.1
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a:INSTANTANEOUS VALUE OF SIGNAL *A
b:INSTANTANEOUS VALUE OF SIGNAL *B




US 6,950,769 B2

Sheet 2 of 2

Sep. 27, 2005

U.S. Patent

. /
mm\ M ) 1INDYID
s
v <—
| HILINNOD

JT1ONY LNIJHHND

NOISSINSNVH.L 1NIOd-0

¢ L /dn
SHq g1 x WI
. (INOY HSV14)
=
= dNO9 F18VL dNMOO
7 _ V1va 31ONV

vOdd 3AISNI dd1VvVOO0]

Ol

(S319 01 )
'ANOD AV

(S}9 QI)
'ANOD A/V

A
>
V.ZO_._.OMEIOO
] ANIOG-0
IN3I144309
NOILLOFHHOD
Y 3ANLIAAY
_ NOILO3AHHOJI
) JANLITdNY
|
¢, |6 [
L/

3
i/
" 4d1/ df *
\ dWV'41Q q %
|
3d1/ v/ *
\ dWV'31G _ v %
LV

AL



US 6,950,769 B2

1

ENCODER SIGNAL INTERPOLATION
DIVIDER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an encoder for detecting,
a rotational angular position of a motor, a position of a
moving worktable, and the like. More specifically, the
present mvention relates to an encoder signal interpolation
divider that automatically corrects errors 1n the offset, gain
level, and gain balance of an input signal at a high speed
with a low cost circuit configuration, and can accurately
generate an encoder signal having a predetermined resolu-
tion by interpolation division.

2. Description of the Related Art

A sensor of an encoder generally outputs two-phase
signals composed of A-phase signals (sinusoidal signals)
and B-phase signals (cosinusoidal signals). In a rotary
encoder, for example, the output voltages A and B of these
signals *A and *B are

A=K sin 0
B=K cos O

in accordance with the rotational angle O of the rotational
shaft of the detection object. If the values A and B at a certain
moment are respectively designated as a and b, the angle O
(clectrical angle) at that moment can be read from the values
a and b, as shown 1 FIG. 1. Based on the angle 0O thus read,
two-phase encoder pulse signals having a predetermined
resolution can be generated, and the mechanical angle of the
rotational shaft can be detected based on such pulse signals.

In encoders for generating two-phase encoder pulse sig-
nals with a predetermined resolution on the basis of two-
phase sinusoidal signals, an interpolation division system
using A/D conversion 1s known as a technique for electri-
cally processing and enhancing the resolution of two-phase

sinusoidal signals (sinusoidal signal and cosinusoidal signal)
The system 1s disclosed 1n JP-A 49-106744.

Here, angle 0 1s calculated based on the assumption that
the central value of the voltage and the maximum amplitude
of A-phase and B-phase signals obtained from the sensor of
an encoder are constant. In an actual encoder, however, the
balance of the output voltage of each phase may be disrupted
or variations may be induced 1n the center voltage values
thercof by shifts 1n the mechanical position, temperature-
induced fluctuations 1n the electrical circuit constant, or the
like. (The former is referred to as “gain balance,” and the
latter is referred to as “offset balance.”)

For example, 1if the offset balance changes 2%, the cal-
culated error is 2.3° (electrical angle error). In actual encod-
ers, several thousands to several tens of thousands of refer-
ence signals are output when a rotational shaft rotates once,
the shaft conversion error (mechanical angle error) is cal-
culated by the equation below, and the error 1s 0.5 arc-sec
when the offset balance changes 2% 1n an encoder in which
the number of reference pulses 1s 18,000.

(Mechanical angle error)= (Electrical angle error)/
(Number of signal outputs per rotation)

The resolution by interpolation division 1s normally 100
to 400 times the number of reference pulses, so 1if 1t 1s
assumed that an encoder output of 18,000 pulses 1s divided
to become 200 times greater, then the resolution will be
3,600,000 pulses, and one pulse will correspond to 0.36
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arc-sec. The offset error calculated above 1s an error of one
or more pulses, so the offset error must be compensated.

A system for compensating for fluctuations in the A-phase
and B-phase signals 1s described, for example, 1n JP-A
6-167354. In the interpolation processing device cited
therein, the correction value of the offset gain 1s added to a
digital value obtained by converting the mput signal from
analog to digital format, and offset correction 1s performed.
Thus, 1 the interpolation processing device, correction
processing for the input signal 1s realized with a digital
circuit.

™

SUMMARY OF THE INVENTION

An object of the present invention is to provide an encoder
signal interpolation divider that automatically corrects errors
in the offset, gain level, and gain balance of an mput signal
at a high speed with a low cost circuit configuration, and can
accurately generate an encoder signal having a predeter-
mined resolution by interpolation division.

To solve the above problems in accordance with the
present invention, there 1s provided an encoder signal inter-
polating divider for computing an electrical angle from
sinusoidal signals with a 90-degree phase difference, and
outputting two-phase encoder pulse signals having a prede-
termined resolution by interpolation division, comprising;:

an A/D converter for converting the sinusoidal signals
into corresponding digital values,

angle data calculation means for calculating angle data
that corresponds to the digital values of the sinusoidal
signals by interpolation division,

encoder signal generation means for generating the two-
phase encoder pulse signals having a predetermined resolu-
tion based on the calculated angle data,

oifset correction means for calculating digital correction
values for setting the offset of the sinusoidal signals to zero
based on the digital values of the sinusoidal signals, and for
using an analog conversion value of the digital correction
values to carry out offset correction of the sinusoidal signals
that are mput to the A/D converter,

gain correction means for calculating gain correction
values for the sinusoidal signals based on the digital values
of the sinusoidal signals, and for carrying out gain correction
of the smusoidal signals that are input to the A/D converter.

According to the present invention, input signals (two-
phase sinusoidal signals) are converted from analog to
digital format, a correction value for setting the offset
thereof to zero 1s computed, and the correction value 1is
thereafter converted to an analog value and then returned to
the A/D converter. In other words, the input analog signal
(sinusoidal signal) itself is corrected. Therefore, a process-
ing circuit for correcting the 1input signal by digital process-
ing 1s not required, so the load on the processing circuit 1s
reduced, and interpolation processing can be accelerated.
Also, the capacity of the CPU, the gate array, and other
components can be reduced, and the processing circuit can

therefore be manufactured at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram depicting the principle for computing,
an clectrical angle from siusoidal signals with a 90-degree
phase difference; and

FIG. 2 1s a schematic block diagram of an encoder signal
interpolation divider 1n which the present invention has been
applied.



US 6,950,769 B2

3

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An example of an encoder signal interpolation divider
according to the present mvention will be described with
reference to the drawings.

FIG. 2 1s a schematic block diagram depicting an encoder
signal interpolation divider of the present example. The
encoder signal interpolation divider 1 receives sinusoidal
signals from a sensor (not depicted) that generates the
sinusoidal signals with a 90-degree phase difference accord-
ing to the rotation of a rotational shaft to be detected (not
depicted), for example. In the present example, an A-phase
signal (sinusoidal signal) *A, a reversed signal */A thereof,
a B-phase signal (cosinusoidal signal) *B, and a reversed
signal */B thereof are input to the divider 1.

Signals *A and */A are mnput to a differential amplifier 2,
and a differential signal Al thereof 1s generated. Signals *B
and */B are also input to a differential amplifier 3, and a
differential signal B1 thereof 1s generated. The differential
signals Al and B1 are subjected to offset correction in adders
4 and 5, and are then subjected to gain correction in
amplifiers 6 and 7. The corrected signals are then converted
into digital signals 1n A/D converters 8 and 9.

Based on these digital signals, a lookup table stored in
advance 1n an angle data lookup table 10 1s searched, and the
corresponding angle data 1s calculated by interpolation divi-
s101.

The calculated angle data 1s compared with a current
value stored 1n a current angle counter 12 1 order to
compensate for data continuity 1n a comparator circuit 11.
The value of the current angle counter 12 1s thereafter
increased or decreased to yield calculated angle data. An
A-phase encoder pulse signal A, a reversed signal /A thereof,
a B-phase signal B, and a reversed signal /B thereof, which
correspond to the content of the current angle counter 12, are
then generated and output 1n an encoder pulse signal gen-
eration circuit 13.

Here, the offset of the differential signals Al and B1 of the
sinusoidal signals, which are the mput signals, 1s corrected
by means of a 0-point correction circuit 14. In the O-point
correction circuit 14, the average of the offset values of the
input signals 1s calculated as a O-point correction value
(offset correction value) on the basis of the digital output
values of the A/D converters 8 and 9 and on the basis of a
signal for indicating the O-point transmission timing sup-
plied from the current angle counter 12, and the O-point
correction value 1s converted to an analog signal and 1s then
fed to the adders 3 and 4. As a result, the offsets of the input
signals Al and B1 are corrected in the adders 3 and 4.

Also, the gain of the 1nput signals Al and B1 is corrected
by means of an amplitude correction circuit 15. In the
amplitude correction circuit 15, the average of the maximum
amplitude values of the input signals 1s computed on the
basis of the digital output values of the A/D converters 8 and
9 and on the basis of a signal for indicating the O-point
transmission timing supplied from the current angle counter
12, and an amplitude correction coefficient for correcting
this to the target amplitude value 1s calculated. Input signals
a and b are amplified 1n the amplifiers 6 and 7 on the basis
of the calculated amplitude correction coeflicient, and the
cgain of the mput signals 1s thereby adjusted.

In the encoder signal interpolation divider 1 of the present
example thus configured, the inputted analog signals (sinu-
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soidal signals) Al and B1 are corrected as such before being
digitally converted. Therefore, a processing circuit for cor-
recting the digitized input signal by digital processing is not
required, so the load on the processing circuit 1s lightened,
and interpolation processing can be accelerated. Also, the
capacity of the CPU, the gate array, and other components
can be reduced, and the processing circuit can therefore be
manufactured at low cost.

In the divider of the present example, a 10-bit converter,
for example, 1s used for the A/D converters 8 and 9, and a
flash ROM with a 1 Mx16-bit configuration 1s used for the
angle data lookup table 10, but the resolution of the gener-
ated encoder pulse signal can easily be improved by increas-
ing the number of bits and the data capacity thereof.

Furthermore, even 1f the input signals are not accurate
sinusoidal or cosinusoidal signals, correction can still be
carried out by means of the angle data lookup table 10 as
long as the waveform 1s known.

As described above, 1n the encoder signal interpolation
divider of the present invention, an input signal directly
undergoes offset correction and gain correction prior to
being digitally converted. Therefore, a processing circuit for
correcting the iput signal by digital processing i1s not
required, so the load on the processing circuit 1s lightened,
and interpolation processing can be accelerated. Also, the
capacity of the CPU, the gate array, and other components
can be reduced, and the processing circuit can therefore be
manufactured at low cost. Hence, errors 1n the offset, gain
level, and gain balance of an input signal can be automati-
cally corrected at a high speed with a low cost circuit
confliguration, and an encoder signal interpolation divider
capable of accurately generating an encoder signal having a
predetermined resolution by interpolation division can be
realized.

What 1s claimed 1s:

1. An encoder signal mterpolating divider for computing
an electrical angle from smusoidal signals with a 90-degree
phase difference, and outputting two-phase encoder pulse
signals having a predetermined resolution by interpolation
division, comprising;

an A/D converter for converting the sinusoidal signals

into corresponding digital values,

angle data lookup means for looking up angle data that
corresponds to the digital values of the smusoidal
signals by interpolation division,

encoder signal generation means for generating the two-
phase encoder pulse signals having a predetermined
resolution based on the calculated angle data,

olfset correction means for calculating digital correction
values for setting the offset of the sinusoidal signals to
zero based on the digital values of the sinusoidal
signals, and for using an analog conversion value of the
digital correction values to carry out offset correction of
the sinusoidal signals that are mput to the A/D con-
verter, and

gain correction means for calculating gain correction
values for the smusoidal signals based on the digital
values of the sinusoidal signals, and for carrying out
gain correction of the sinusoidal signals that are input
to the A/D converter.
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